where α is a constant that describes the strength of the dislocation core, often on the order of 1 to 10, b is the magnitude of the Burger's vector, ε is the misfit strain between the film and the substrate, and ν is the Poisson's ratio of the film.
In Figure S1 , The straight line plots the right-hand side of the equation, showing a linear dependence on the reduced critical thickness. The left-hand side of the equation has a logarithmic dependence on c h , and is also plotted for typical values of α . Where the two curves intersect is the numerical solution to the above equation. When α is 1 or 2, there is no intersection. Even when α takes a large value of 10, the crossover occurs at a critical thickness no more than two times the Burger's vector, or 2 times the YSZ lattice parameter. The calculation based on equilibrium theory predicts that dislocations would likely to form below 0.8 nm due to their large mismatch (~ 5%).
X-ray Reflectivity
We used X-ray reflectivity (XRR) to measure the thickness of CeO 2 thin films on single crystal YSZ (001). XRR was performed on a four-circle diffractometer (PANalytical X'pert Pro MPD, Philips, Cu k α radiation). A mirror parallel-plate collimator (PPC) setup was employed with χ motor fixed at 0. The fit was carried out using Philips X'pert Reflectivity package with a genetic algorithm. A typical XRR curve and the fit are shown in Figure S2a . The initial hump near 2θ=0.6° is due to the total reflection of the film surface at its critical angle. From the fit, we extracted the thin film thickness. The error bars were obtained within 5% confidence interval and smaller than the size of the symbols in Figure S2b . Within the range measured, the thin film thickness scales linearly with the number of PLD pulses.
X-ray Attenuation Length
The attenuation length, defined as the distance at which the intensity of the X-ray is reduced to 1/e of its initial value. The attenuation length of ceria at the X-ray wavelength of Cu kα radiation is about 4.8 µm. With an incident angle near 4 degrees in our RSM geometry, the travel path in the half micrometer thick film is 0.5 µm×2/sin(4.0)=14.3 µm. This could reduce the intensity by about e (14.3/4.8) =20 times. The attenuation is sufficient to wipe out the weak coherent scattering feature, originally only three times higher than the background. In fact, even the diffuse scattering features surrounding the YSZ (113) peak and its truncation rod is significantly reduced.
Error Bars of In-Plane and Out-Of-Plane Lattice Constants
The larger error bars at smaller thicknesses are associated with the larger uncertainty of determining the center of the relaxed feature which is weaker and less well defined when the film is just above the critical thickness (compare the circled feature in Figure 1d to Figure 1f ). 
